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The consumer goods industry is at a crossroads. As
sustainability regulations tighten and eco-conscious
consumers increasingly demand greener products,
companies are under mounting pressure to replace
traditional plastic packaging with environmentally
friendly alternatives.

Once valued as the perfect packaging material for being
cheap, lightweight, and durable, plastic has now
become a liability.




Executive Summary

What's beyond plastic?

With GetFocus’'s proprietary Al-driven technology scouting and
predictive improvement rate analysis, we've not only examined the
current packaging landscape, but we have also identified

expected to rapidly improve in cost-
efficiency, performance, and sustainability.

In this report, we reveal that Polylactic Acid (PLA) will dominate
the future of sustainable consumer goods packaging, while
Bamboo represents the most promising plant-based material.

What traditionally takes a team of expert analysts 8 to 10 weeks,
GetFocus accomplished in just 1 day thanks to our unique Al
models trained to analyze global patent data, technology maturity
curves, and technology improvement rate.

This report is designed to provide R&D, innovation, and strategy
leaders with actionable insights into the future of natural fibre
packaging, helping you make faster and smarter decisions.
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Introduction

The Packaging Dilemma

Sustainability is no longer a niche concern, it's reshaping entire industries. Packaging, once an afterthought, is now a
strategic battleground where regulatory, consumer, and economic pressures are converging at speed.

e In the EU and beyond, new regulations are mandating stricter recycling targets, extended producer
responsibility, and limitations on single-use plastics. The European Commission’s proposed the
Packaging and Packaging Waste Regulation (PPWR), which aims to ensure that all packaging placed on
the EU market is reusable or recyclable by 2030. For multinational consumer goods companies,
compliance with PPWR is not optional, it's a prerequisite for accessing the European market. These
mandates are no longer in the distant future, they are landing now, and failing to comply carries
reputational and financial risk.

e At the same time, consumer expectations have shifted dramatically, increasingly prioritizing
sustainability in their purchasing decisions, rewarding brands that demonstrate environmental
responsibility, and abandoning those that don’t. Packaging has become a visible, tangible indicator of
a company’s values, and it plays a critical role in brand perception.

e Meanwhile, companies are under continuous pressure to optimize costs , not just in materials, but
across the entire packaging life cycle: sourcing, manufacturing, logistics, and disposal. Traditional
plastic packaging, while historically efficient, no longer aligns with this evolving set of demands.
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The result? A growing urgency to replace plastics and polymer-based materials with viable, sustainable alternatives. i
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Plant-Based
Fibers

Bamboo
Hem

Flax (Linen)
Jute

Kenaf

Packaging alternatives to plastic
21 Scouted Materials

Tree-Derived
Fibers

Wood Pulp (Paper and
Cardboard)

o Kraft Paper

Bagasse (Sugarcane
Fibre)

Recycled Paper

oooooooooooooooooooooooooooooooooooooooooooooooo

Crop Residue
Fibers

e \Wheat Straw
e Corn Stover
e Rice Husk

Emerging
Natural Fiber
Materials

Seaweed-Based
Packaging

Algal Bloom Fibers
Water Hyacinth Fibers
Kudzu Vine Fibers
Mycelium (Mushroom
Root)

Bioengineered
Fibrer

o Genetically
Modified
Cotton

e |Lab-Grown
Bamboo

Bio-Synthetic
Alternatives

e PLA
(Polylactic Acid)

e PHA (Polyhydroxyalk-
anoates)
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Upsides and Downsides
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GetFocus -« Natural Fibre Packaging Revolution - Upsides and Downsides

Plant-Based Fibers

Bamboo

# Rapid growth and renewability with minimal inputs (no pesticides, low
water)

(& Processing and supply chains can vary in sustainability and transparency

Hemp

(® Durable, pest-resistant fibre with low environmental impact

(® Regulatory restrictions in some regions limit scaling

Tree-Derived Fibers

Wood Pulp (Paper and Cardboard)

@ Highly versatile and widely recyclable across many packaging formats

(® Sustainability depends heavily on responsible forestry practices

Flax (Linen)

® Lightweight, moisture-resistant fibre ideal for biodegradable packaging

(& Limited commercial use in packaging compared to textiles

Kraft Paper

(#® Strong and tear-resistant, ideal for shipping and wrapping

(& Virgin kraft paper can contribute to deforestation if not sourced responsibly

Jute

® Inexpensive and abundant natural fibre supporting rural economies

(> Coarse texture and lower refinement limit its use in premium applications

Kenaf

(# Easy to process due to high cellulose and low lignin content

(© Less widely adopted and scaled compared to other natural fibres

Bagasse (Sugarcane Fibre)

(® Repurposes agricultural waste into heat- and water-resistant packaging

(& Infrastructure for large-scale processing is still growing

Recycled Paper

(® Reduces need for virgin fibre and cuts energy usage

(& Fibre quality degrades with each reuse, limiting recyclability over time

Crop Residue Fibers

Wheat Starw

(*® Turns agricultural waste into strong, compostable packaging

(® Localized processing infrastructure limits broader scalability

Corn Stover

(® Abundant crop residue with potential for biodegradable packaging

(S Stillin early industrial development, with limited commercial use

Rice Husk

(® Naturally moisture-resistant and thermally insulating

(& Requires complex processing and is often used only as a filler
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Algae-Derived Fibers Invasive Species Fibers Novel Plant-Based Composites

Seaweed-Based Packaging Water Hyacinth Fibers Mycelium (Mushroom Root) Packaging
(# Grows without land or freshwater and can be (# Converts an invasive species into biodegradable packaging ® Fully biodegradable and moldable into protective custom
edible/biodegradable shapes
(& Limited mechanical strength and short shelf life (® Very limited processing capacity and commercial scalability (® Requires controlled growth conditions; limited to niche use cases
Algal Bloom Fibers Kudzu Vine Fibers
(# Helps clean aquatic ecosystems while creating packaging (#® Repurposes a highly invasive plant into strong, usable fibre
material
(© Still experimental with costly extraction and stabilization (© Currently lacks efficient, scalable extraction methods
Bioengineered Fibers Bio-Synthetic Alternatives
Genetically Modified Cotton PLA (Polylactic Acid)
(® Engineered for higher yield and reduced pesticide use (#® Commercially available, compatible with existing packaging
systems
(& Regulatory hurdles and public perception concerns (> Only compostable under industrial conditions
Sub-Tech PHA (Polyhydroxyalkanoates)
(® Potential for high-quality, low-impact fibre production in # Fully biodegradable even in marine and home environments

controlled environments

(© Stillin early R&D with no commercial-scale output (® High cost due to complex microbial fermentation process




Forecasting Methodology

At GetFocus, we developed a quantitative method inspired by MIT research to
forecast the technological future based on metrics that can be identified in patent
data.

Using the latest advancements in Al technology, we have created a system that can
estimate how rapidly any area of technology is improving.

Our method revolves around 3 key steps.

Once this dataset is created we measure 2 key metrics.

Cycle Time - How many years it takes for a

technology to produce a new generation of

itself.

The lower the cycle time, the better.

Knowledge Flow - How significant of a step
We identify every single patent that relates to an area of forward a new generation represents.
technology using Al. The resulting dataset represents the The higher the knowledge flow, the better.

entire developmental history of an area of technology.

By using the above methodology, technology improvement speeds can be
accurately measured, and those speeds can be used to predict technological
disruption well ahead of time.

il

Using the previous metrics, we calculate the 'Technology
Improvement Rate', which represents the average
percentage (%) increase in performance per dollar that can
be expected from an area of technology in one year.
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GetFocus - Natural Fibre Packaging Revolution - Improvement Rates

Among plant-based options, tree derivatives, and
Crop Residue Fibres, Bamboo shows the fastest
improvement rate, with an acceleration that
peaked at nearly 35% annual improvement
around 2022. This positions bamboo as a clear
frontrunner among natural fibre materials.

Bamboo is an excellent option for packaging due
to its exceptional mechanical strength,
lightweight nature, and high cellulose content,
which makes it ideal for molded fibre applications.
Bamboo is one of the fastest-growing plants on
Earth, requiring no replanting, minimal water, and
no pesticides, which makes it highly renewable
and low-impact to cultivate. Its rapid growth and
low land small footprint, combined with full
biodegradability, make bamboo a standout
material in the shift away from plastic packaging.

Improvement Rate (%)

Improvement Rates for Plant-based, Tree Derivatives, and Crop Residue Fibres
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Improvement Rates for Non-Traditional Options

4 N

@ Seaweed-Based @ Mycelium (Mushroom Root) @ Kudzu Vine Fibers Water Hyacinth Fibers Algal Bloom Fibres
Among non-traditional and high-potential >0
packaging materials, the standout performer is
Kudzu Vine Fibers, which has shown a sharp and
sustained increase in improvement rate and is

now exceeding 45% annual improvement.

40

Despite its novelty, Kudzu Vine Fibers offer
promising potential for sustainable packaging due 30
to their strong, fast-growing bast fibres that can
be processed into pulp for paper-like or molded
materials.

20

The fibres are similar in structure to jute or hemp,
making them suitable for rigid and biodegradable
packaging formats.

Improvement Rate (%)

10
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Kudzu-based packaging could transform a plant
known for ecological disruption into a novel, bio-
based material source.
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Improvement Rates for bioengineered fibres and bio-synthetic alternatives

4 N
@ Pha (Polyhydroxyalkanoates) @ Lab-Grown Bamboo @ Genetically Modified Cotton Pla (Polylactic Acid) Packaging
When comparing bioengineered fibres and bio- 50
synthetic alternatives, PLA (Polylactic Acid)
stands out as the most consistent top performer,
maintaining a strong and stable improvement
rate of around 40% annually since 2010. PLA 40

remains a widely used choice since it offers good
strength and clarity, and works with existing —<. 2
plastic manufacturing. However, it's only
biodegradable under industrial composting

30

conditions.

On the other hand, Lab-Grown Bamboo, though
still in its experimental phase, has shown a
notable surge in recent years, peaking near 38%
and steadily closing the gap with PLA. This
upward trend reflects the strong improvement -
trajectory also observed in traditional bamboo
packaging, further reinforcing the Ilong-term
potential of Lab-Grown Bamboo as a next-
generation sustainable material.

20
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Technology ReadinessLevel

Category Technology Estimated TRL (1-9)

Kudzu Vine Fiber, though still in early 1A (Potyhycroxyalkanoates) -
development, shows the highest overall Bio-Synthetic Alternatives

improvement rate (45%), highlighting its strong LA Pollactie Acd °

future potential as a sustainable alternative Sioengineered Fibers -ap-Grown Bamboo ?

despite low current maturity. Genetically Modified Cotton ®

Mycelium (Mushroom Root) 6

In  contrast among high-TRL materials, Kudzu Vine Fibers 3

Polylactic Acid (PLA) stands out as the fastest Emerging Natural Fiber Materials Water Hyacinth Fibers P

improving option (40%) Algal Bloom Fibres Z

Seaweed-Based Packaging 5

Rice Husk 7

Crop Residue Fibers Corn Stover 6

PLA is already the current leading bio-based Wheat Straw !

alternative to conventional plastics in packaging, Rl Ie <

and it is well-positioned to remain the key e Deried Fibere Bagasse (Sugarcane Fibre) 9

solution due to its scalability, versatility, and Kraft Paper 9

strong commercial momentum. Wood Pulp 9

Kenaf 6

Jute 8

Plant-Based Fibers Flax (Linen) 7

Hemp 7

Bamboo 8
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PLA is a globally researched and commercially developed bioplastic,
with a significant share of patents concentrated in China.

Families, Per Geography Map

Shows the number of patent families per geography, as well as the relative size of the geography its
portfolio. It gives insight into where in the world innovation in your technology area is being pursued.

This aligns with China’s strategic focus on
bioplastics as a national priority, supported by
substantial government investment in R&D aimed
at reducing dependence on fossil-based plastics
and advancing environmentally sustainable
materials, a role that PLA is particularly well-
suited to fulfill.
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5.-}2_': GetFocus » Natural Fibre Packaging Revolution - Geographical Insight

China is also leading bamboo innovation, reflecting its native abundance
of bamboo species.

Families, Per Geography Map

Shows the number of patent families per geography, as well as the relative size of the geography its
portfolio. It gives insight into where in the world innovation in your technology area is being pursued.

China’'s leadership in both PLA and Bamboo-
based packaging is not coincidental. It reflects a
broader, coordinated national strategy to lead
the global market in next-gen sustainable
packaging solutions.

© |/ | N
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Families, Per Organization

Shows the number of patent families per organization. It gives insight into which organizations are most
aggressively pursuing innovation in this area.

This chart highlights the organizations that most ( h
actively patenting in Polylactic Acid (PLA)
packaging technologies, offering a clear view of
global innovation leadership in this field.

Toray Industries Inc 211

Mitsui Chemicals Inc

144
Mitsubishi Chemical Group Corp

129
Unitika Ltd

111

Shimadzu Corp 105

02

Overall, the chart reveals a concentrated Chinese Academy Of Sciences Cas
innovation ecosystem led by Japanese industry, Teijin Ltd
with  growing momentum  from  Chinese
institutions, positioning both countries as central
actors in the future of PLA packaging.
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Regulation-Ready:
Which Natural Fibres Will
Pass the EU's Green Test?
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PLA & Bamboo:
The Future-Proof Path to PPWR

Natural fibre solutions such as Polylactic Acid (PLA) and bamboo
are among the most effective materials to support compliance with
the upcoming EU Packaging and Packaging Waste Regulation
(PPWR). These materials respond directly to key EU priorities:
recyclability, compostability, reduction of single-use plastics,
and use of renewable feedstocks.

Among them, PLA is particularly well aligned with both regulatory
needs and innovation potential. It is certified industrially
compostable, derived from renewable resources, and
compatible with existing packaging formats and machinery,
making it easier for companies to transition without disrupting
operations. With both regulation and technological momentum, PLA
is positioned as the most future-proof material in the natural fibre
packaging landscape.
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Relative Cost

» Natural Fibre Packaging Revolution - Feasibility Analysis

Scalability

Composite Score

Recycled Paper Very Low High 18% 3.0 Established recycling infrastructure
Kraft Paper Low High 15% 1.3 Widely used, mature processing
labl . .
Wood Pulp Low High 15% 13 Scalab g, used in mainstream
packaging
B Agricul I i
_agasse (Sugarcane Vi L e 27% 57 gricu tgra wastg, growing
Fibre) processing capacity
Wheat Straw Very Low Medium 24% 41 Crop residue, local processing needed
Corn Stover Very Low Medium 25% 4.4 Crop residue, emerging industrial use
A t agricultural te, limit
Rice Husk Very Low Medium 25% 4.4 Abundant agricultural waste, limited
industrial scaling
Jute Low High 21% 35 Mature ipdustry in Asia, scalable
natural fibre
Kenaf Low Medium-High 18% 1.9 Low-cost fibre, moderate adoption
Hemp Moderate Medium-High 19% 1.7 Gaining scale, versatile fibre
Bamboo Moderate High 33% 7.4 Fast-growing, low input cost
Rapidl li tible with
PLA (Polylactic Acid) Moderate High 40% 10 apidly scaiing, compatible wi
existing systems
PHA . . o Expensive fermentation, highly
(Polyhydroxyalkanoates) High el Ry Ak L3 sustainable
Controlled i t, nich
Mycelium Packaging Moderate Low-Medium 28% 4.3 on‘ro ? SHTATEOAMENG MEE
applications
Used in bio- ites, limited
Flax (Linen) Moderate Medium 17% 0.4 s€ |n. l0-composites, fimite
packaging use
Lab-Grown Bamboo High Low 37% 6.7 R&D stage, experimental
Genetically Modified High Low 6% 26 High R&D/regulatqry cost, not yet
Cotton scaled for packaging
Kudzu Vine Fibres Low (raw material), High Low A% 9.3 No scalable extraction yet
(processing)
L terial), High
Water Hyacinth Fibres ow (raw material), Hig Low 16% 0.1 Local use, limited processing
(processing)
E i tal tl tracti d
Algal Bloom Fibres High Low 28% 3.7 xpe%r'lme‘n ol ORI S AEIEEn =l
stabilization
Seaweed-Based Moderate-High Medium 21% 19 Growing innovation, early commercial

Packaging

use

While several low cost natural fibre materials,
such as kudzu and water hyacinth, offer
exciting environmental advantages by
repurposing invasive or waste biomass, their
lack of scalable processing infrastructure and
early-stage technical maturity limit their viability
for large-scale industrial packaging today,
increasing the costs. However, their high
improvement rates suggest that, with future
progress, they could become strong candidates
for future low cost options.

At present, the most affordable and scalable
alternatives remain those with mature supply
chains and industrial infrastructure already in
place, notably recycled paper, kraft paper,
wood pulp, and bagasse.

Among bio-based plastic alternatives, PLA
(Polylactic Acid) stands out for combining
cost-effectiveness, commercial readiness,
and a fast improvement rate, making it the
most viable solution for packaging companies
aiming to transition away from fossil-based
plastics at scale.
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Next-Gen Pioneers:
Innovators in Sustainable Packaging

As PLA and bamboo emerge as top-performing sustainable packaging materials, several companies are at the forefront of innovation and
commercialization in these domains.

PLA (Polylactic Acid) Innovators:

o NatureWorks (USA)

A pioneer in PLA production, NatureWorks offers the Ingeo™ brand, widely used in packaging, fibers, and 3D printing applications.
e Total Corbion PLA (Netherlands/Thailand)

A joint venture between TotalEnergies and Corbion, this company specializes in high-performance PLA suitable for various applications,
including food packaging and consumer goods.
o Danimer Scientific (USA)

Focused on PHA and PLA biopolymers, Danimer Scientific develops biodegradable materials for single-use products, partnering with
major brands to replace traditional plastics.

Bamboo Packaging Innovators:

e Huhtamaki Group (Finland)

Develops innovative bamboo fiber-based packaging solutions for food and beverage sectors, emphasizing sustainability and functionality.
» Panda Packaging (UK)

Specializes in biodegradable and reusable bamboo packaging for food service and retail, aiming to reduce plastic usage.
e Bambrew (India)

Offers plastic-free, customizable bamboo packaging solutions for cosmetics, FMCG, and e-commerce sectors, focusing on eco-friendly
alternatives.
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B GetFocus ¢ Natural Fibre Packaging Revolution - Conclusion

Conclusion

The race to replace conventional plastic packaging is well
underway, and our data-driven insights reveal a clear front-runner.
Polylactic Acid (PLA) emerges as the most promising sustainable
alternative, combining a high technology improvement rate and
commercial readiness across a range of packaging formats.
Other natural fibre solutions such as Bamboo also demonstrate
strong future potential due to their low cost and alignment with
EU sustainability regulations.




Join us for our upcoming webinar, where we’ll dive deeper
into the data behind sustainable solutions, including
improvement rate forecasting, patent landscape
visualizations, and strategic implications for your packaging
roadmap.

You'll hear directly from our analysts and tech scouts as we
walk through how to use these insights to guide R&D
investment, material substitution, and innovation strategy.

Looking to go further? GetFocus offers tailored technology
analysis powered by our proprietary Al engine. Whether
you're exploring sustainable packaging, advanced materials,
or emerging manufacturing tech, we help you make data-
backed decisions in days, not months.

The data's clear: it's time to wrap up plastic, for good.

JARD VAN
1\ [e]3)

MARTINA
DINARDO
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About 3% GetFocus

We are on a mission to fast-track technological progress worldwide.

What started with foundations laid by MIT researchers, is now a full blown technology
forecasting system. By equipping innovators with data-driven technological
foresight, we help them make the right investment decisions and innovate faster.

Emerging technologies that turn into winners show clear and measurable signals early
on in their development. By giving you access to this data, we help you innovate
faster.

Our method has been verified to work on more than 50 technological areas.

If GetFocus and our method had been around in the past, one could have known that:

@® Lithium-ion batteries would eventually become cheaper than
combustion engines for vehicles by 1995,

@® Digital photography would disrupt film by 1975.

® SSDs would become cheaper than HDDs by the early '‘80s

If you'd like to see the full data set of this report or discuss a technology
you'd like us to analyse, please contact us via :

www.getfocus.eu contact@getfocus.eu



http://www.getfocus.eu/
http://getfocus.eu/

Invest in Winning Technologies

without the Guesswork

Eliminate blind spots

See which tech works for you

Spot winners early

Summarized in actionable insight

Al technology scouting

Instant overview of all emerging technologies in your area

Al technology evaluation

Compare and analyze technologies using Al, reducing months of

work to minutes

Forecasting

Predict which emerging technologies will dominate and when

Reporting & Monitoring

Competitive intelligence, partnering options, Al patent analysis,

landscaping & more

=1

E

=,

GetFocus



Trusted by Innovators Globally What customers says about us
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Head of R&D — Moét Hennessy

“In one week with GetFocus,

A/ @ - Y/, _ wer we gained more technology
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